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Abstract
We calculate the squarks one-loop corrections to the cross sections of the charged Higgs
boson pair production in photon-photon collisions in the minimal supersymmetric extension
of standard model(MSSM). In general, in case of the large splitting in the masses of left-top
squark and the right-top squark and for tan β near 1.5, the corrections can reduce the cross
sections by more than 10% for a wide range of the charged Higgs boson mass, depending on
the e+e− center-of-mass energy. But in other cases, the corrections are at most only a few
percent. Those corrections can be comparable to the O(αm2t/m
2
W ) Yukawa corrections in
previous literature.
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I. INTRODUCTION
In various extension of the Higgs sector of the standard model (SM), there are physical
charged Higgs bosons. For example, the minimal supersymmetric standard model(MSSM)
[1] with two Higgs doublets, which give masses separately to up- and down-type fermions
and assure cancellation of anomalies, predicts the existence of three neutral and two charged
Higgs bosons h0, H , A and H
±. The pursuit of the Higgs bosons predicted in the SM and
the MSSM is one of the primary goals of the present and next generation of colliders. The
neutral Higgs bosons productions were intensively studied in the literature [1]. But there are
relatively less studies on the charged Higgs bosons production. Recently, the calculations of
the charged Higgs boson pair production at hadron colliders through the gluon-gluon fusion
have been carried out in Ref. [2], which show that this production mechanism via quark
and scalar quarks loop would dominate the usual qq¯ annihilation Drell-Yan process if there
exist sufficiently heavy quarks or scalar quarks, and the production cross section can reach
a few fb. However, the Next Linear Collider (NLC) operating at a center-of-mass energy of
500− 2000GeV with the luminosity of the order of 1033cm−2s−1 can provide an ideal place
to search for the Higgs boson, especially, it may produce a charged Higgs boson pair with
much larger observable production rate than at the hadron colliders, because the production
process can occur at the tree level and isn’t suppressed by the Yukawa couplings between the
light quarks and the Higgs bosons, and the events would be much cleaner than at the hadron
colliders, meanwhile the parameters of the charged Higgs boson would be easier to extracted.
In Ref. [3], the process e+e− → H+H− and the fermion and sfermion one-loop corrections
to the process at the NLC have been studied, and it pointed out that the corrections are
typically around −10% in a wide range of the MSSM parameters. Although the tree level
process e+e− → γγ → H+H− was also already studied almost a fifteen years ago [4], the
one-loop radiative corrections to the process are studied just recently [5]. But in Ref. [5]
the authors considered only the O(αm2t/m
2
W ) Yukawa corrections in the two-Higgs-doublets
model (2HDM), in which the virtual particles are top and bottom quarks, and the complete
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one-loop radiative corrections to the process hasn’t been calculated so far in both of the
2HDM and the MSSM.
In this paper, we present the calculations of the squarks loop corrections to the process
e+e− → γγ → H+H− in the MSSM. Since, in general, the heavy superparticles decouple in
loop contributions, the contributions from the lighter stop may be important, which would
lead to observable effect. The complete one-loop supersymmetric corrections to the process
should include all genuine supersymmetric virtual particles, which will be discussed in details
elsewhere [6]. The structure of this paper is as follows. In Sec. II we give the analytical
results in terms of the well-known standard notation of the one-loop integrals [7]. In Sec.
III we present some numerical examples with discussions. The lengthy expressions of the
form factors in the amplitude are summarized in Appendix.
II. CALCULATIONS
The Feynman diagrams for the process
γ(p1, λ1) + γ(p2, λ2) −→ H+(k1) +H−(k2), (1)
which include the squarks loop corrections, are shown in Fig.1-4, where λ1,2 denote the
helicities of photons. The tree-level diagrams are shown in Fig. 1. The self-energy, vertex
and box correction diagrams are depicted in Fig. 2, 3 and 4, respectively. The relevant
Feynman rules can be found in Ref [1]. For simplicity, we define the Mandelstam variables
as
sˆ = (p1 + p2)
2 = (k1 + k2)
2
tˆ = (p1 − k1)2 = (p2 − k2)2
uˆ = (p1 − k2)2 = (p2 − k1)2, (2)
and introduce the explicit polarization vectors of the helicities (λ1λ2) for photons as follows
ǫµ1 (p1, λ1 = ±1) = −
1√
2
(0, 1,∓i, 0)
3
ǫµ2 (p2, λ2 = ±1) =
1√
2
(0, 1,±i, 0). (3)
This choice of polarization vectors for the photons implies
ǫi.pj = 0, (i, j = 1, 2) (4)
and by the momentum conservation,
ǫi.k1 = −ǫi.k2, (i = 1, 2). (5)
In our calculations, we used dimensional regularization to control all the ultraviolet
divergences in the virtual loop corrections and we adopted the on-mass-shell renormalization
scheme [8,9]. Note that dimensional reduction is usually more used in the calculations of
the radiative corrections in the MSSM as it automatically preserves supersymmetry (at least
to one-loop order), while dimensional regularization does not. But there are only virtual
scalar particle in the loops in this work, and the calculations of Feynman integrals do not
involve the n-dimensional Dirac algebra, so the dimensional reduction scheme is same with
the conventional dimensional regularization one here. Including the squarks loop corrections,
the renormalized amplitude for the process γγ → H+H− can be written as
Mren =M0 + δM
self + δMvertex + δM box, (6)
where M0 is the amplitude at the tree level, δM
self , δMvertex and δM box represent the
squarks loop corrections arising from the self-energy, vertex and box diagrams, respectively.
The corresponding amplitude at the tree level for γγ → H+H− is given by:
M0 =M
t
0 +M
u
0 +M
q
0 , (7)
where M t0, M
u
0 , M
q
0 represent the amplitude of the t-channel, u-channel and quadratic cou-
pling diagrams in Fig. 1, respectively. Their explicit expressions can be given by
M t0 =
4 e2 k1 .ǫ1 k1 .ǫ2
mH±2 − tˆ
, (8)
4
Mu0 =
4 e2 k1 .ǫ1 k1 .ǫ2
mH±2 − uˆ , (9)
M q0 = e
2 ǫ1 .ǫ2 . (10)
The amplitude δMself arising from the self-energy corrections is given by
δMself = −M t0(
∑H+H+(tˆ)− δm2H±
tˆ−m2H±
+ δZH±)
−Mu0 (
∑H+H+(uˆ)− δm2H±
uˆ−m2H±
+ δZH±), (11)
where
∑H+H+ , δmH± and δZH± represent the charged Higgs self-energy, the charged Higgs
boson mass renormalization constant and the charged Higgs boson wave function renomal-
ization constant, respectively, which are given by
∑H+H+
(k2) =
−NC
16 π2
(
−i ξ7 mb˜1 2 − i ξ8 mb˜2 2 − i ξ5 mt˜1 2 − i ξ6 mt˜2 2
− i ξ7 mb˜1 2 B0 (0,mb˜1 2,mb˜1 2)− i ξ8 mb˜2 2 B0 (0,mb˜2 2,mb˜2 2)
− i ξ5 mt˜1 2 B0 (0,mt˜1 2,mt˜1 2)− i ξ6 mt˜2 2 B0 (0,mt˜2 2,mt˜2 2)
+ ξ1
2 B0 (k
2,mb˜1
2,mt˜1
2) + ξ4
2 B0 (k
2,mb˜1
2,mt˜2
2)
+ ξ3
2 B0 (k
2,mb˜2
2,mt˜1
2) + ξ2
2 B0 (k
2,mb˜2
2,mt˜2
2)
)
, (12)
δm2H± = Re
∑H+H+
(m2H±) (13)
δZH± = −∂
∑H+H+(k2)
∂k2
|k2=m2
H±
=
NC
16 π2
(
ξ1
2G0 (m
2
H± ,mb˜1
2,mt˜1
2) + ξ4
2G0 (m
2
H± ,mb˜1
2,mt˜2
2)
+ ξ3
2G0 (m
2
H±,mb˜2
2,mt˜1
2) + ξ2
2G0 (m
2
H± ,mb˜2
2,mt˜2
2)
)
(14)
with
G0(M
2,M21 ,M
2
2 ) =
∂B0(k
2,M21 ,M
2
2 )
∂k2
|k2=M2 . (15)
Here we only explicitly write down the third generation scalar quarks contributions, and NC
is the number of colors, ξi(i = 1 − 4) and ξi(i = 5 − 8) are the coupling constants of the
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verteces of H+ − t˜ − b˜ and H+ − H− − q˜ − q˜, respectively, and the explicit definitions of
ξi(i = 1, 8) are given in Appendix. B0 is the two-point function, definition for which can be
found in Ref. [7,8].
The amplitude δMvertex arising from the vertex corrections is given by
δMvertex = ǫ1.ǫ2M
tri
1 + k1.ǫ1k1.ǫ2M
tri
2 + 2(M
t
0 +M
u
0 )(δZe
+
1
2
δZAA +
cos(2θW )
4 sin θW cos θW
δZZA + δZH±) (16)
with
δZe =
1
2
∂
∑AA
T (k
2)
∂k2
|k2=0 − sin θW
cos θW
∑AZ
T (0)
M2Z
, (17)
δZAA = −∂
∑AA
T (k
2)
∂k2
|k2=0, (18)
δZZA = 2
∑AZ
T (0)
M2Z
, (19)
where the expressions of M tri1 and M
tri
2 are explicitly presented in the Appendix. From our
calculations, we find that
δZZA = 0 (20)
for squrks loop diagrams, and the electron charge renormalization constant δZe can be can-
celed by the photon wavefunction renormalization constant 1
2
δZAA, and only δZH± remains
among the renormalization constants in Eqs. 16.
The amplitude δM box arising from the box corrections is given by
δM box = ǫ1.ǫ2M
box
1 + k1.ǫ1k1.ǫ2M
box
2 + 2e
2ǫ1.ǫ2δZH±, (21)
where the explicit expressions of M box1 and M
box
2 are also given in Appendix. Because of the
same reason as above, we have not written out the δZZA, δZAA and δZe in counterterms in
Eqs. 21.
The corresponding amplitude squared for the process γγ → H+H− can be written as
6
∑¯ |Mren|2 = ∑¯ |M0|2 + 2Re∑¯(δMself + δMvertex + δM box)M †0 , (22)
where the bar over the summation recalls average over initial photons spins. The cross
section of process γγ → H+H− is
σˆ =
∫ tˆmax
tˆmin
1
16πsˆ2
∑¯
spins
|M |2 dtˆ (23)
with
tˆmin = (m
2
H± −
sˆ
2
)− βsˆ
2
tˆmax = (m
2
H± −
sˆ
2
) +
βsˆ
2
, (24)
where β =
√
1− 4m2H±/sˆ. The total cross section of e+e− → γγ → H+H− can be obtained
by folding the σˆ with the photon luminosity
σ(s) =
∫ xmax
2m
H±
/
√
s
dz
dLγγ
dz
σˆ(γγ → H+H−at sˆ = z2s), (25)
where
√
s and
√
sˆ is the CMS energy of e+e− and γγ, respectively, and dLγγ/dz is the
photon luminosity, which is defined as
dLγγ
dz
= 2z
∫ xmax
z2
xmax
dx
x
fγ/e(x)fγ/e(z
2/x), (26)
where fγ/e(x) is the photon structure function of the electron beam [10]. For a TeV collider
with σx/σy = 25.5, the beamstrahlung photon structure function can be represented as [11]
fγ/e(x) =


(
2.25−
√
x
0.166
) (
1−x
x
)2/3
for x < 0.84,
0 for x > 0.84,
(27)
where x is the relative momentum of the radiated photon and the parent electron.
If we operate NLC as a mother machine of photon-photon collider in Compton back-
scattering photon fusion mode, the energy spectrum of the photons is given by [12]
fγ/e(x) =


1
1.8397
(
1− x+ 1
1−x − 4xxi(1−x) + 4x
2
x2
i
(1−x)2
)
for x < 0.83, xi = 2(1 +
√
2),
0 for x > 0.83.
(28)
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III. NUMERICAL EXAMPLES AND CONCLUSIONS
In the following we present some numerical results for the squarks loop corrections to the
cross sections of a charged Higgs boson pair production in the process of γγ → H+H− and
e+e− → γγ → H+H−, respectively. In our numerical calculations, for the SM parameters,
we choose mw = 80.33GeV , mz = 91.187GeV , mt = 176GeV and α =
1
128
, and other quark
masses are chosen as zero. Other parameters are determined as follows
(i) The Higgs boson masses mh0, mH , mA, mH± and parameters α, β are not constrained
in the general 2HDM, but in the MSSM, relations [1] among these parameters are required
by SUSY, leaving only two parameters free, e.g., mH± and tan β. Also, in the MSSM the
charged Higgs boson mass is heavier than the W mass due to the relation m2H± = m
2
W +m
2
A.
In our numerical calculations, we will use mH± as a variable > 100 GeV.
(ii) In the MSSM the mass eigenstates q˜1 and q˜2 of the squarks are related to the current
eigenstates q˜L and q˜R by [1]
 q˜1
q˜2

 = Rq˜

 q˜L
q˜R

 with Rq˜ =

 cos θq˜ sin θq˜
− sin θq˜ cos θq˜

 . (29)
For the squarks, the mixing angle θq˜ and the masses mq˜1,2 can be calculated by diagonizing
the following mass matrices
M2q˜ =

 M
2
LL mqMLR
mqMRL M
2
RR

 ,
M2LL = m
2
Q˜
+m2q +m
2
z cos 2β(I
3L
q − eq sin2 θw),
M2RR = m
2
U˜ ,D˜
+m2q +m
2
z cos 2βeq sin
2 θw,
MLR =MRL =


At − µ cotβ (q˜ = t˜)
Ab − µ tanβ (q˜ = b˜),
(30)
where m2
Q˜
, m2
U˜ ,D˜
are soft SUSY breaking mass terms of the left- and right-handed squark,
respectively. Also, µ is the coefficient of the H1H2 mixing term in the superpotential, At
and Ab are the coefficient of the dimension-three trilinear soft SUSY-breaking term. I
3L
q , eq
8
are the weak isospin and electric charge of the squark q˜. From Eqs. 29 and 30, mt˜1,2 and θt˜
can be derived as
m2t˜1,2 =
1
2
[
M2LL +M
2
RR ∓
√
(M2LL −M2RR)2 + 4m2tM2LR
]
tan θt˜ =
m2
t˜1
−M2LL
mtMLR
. (31)
In our numerical calculations, we always assume that mU˜ = mD˜ = mQ˜ and MLR ≥ 0.
The currently most popular supersymmetric models permit to have large splitting in the
masses of the left-top squarks and right-top squarks, while the masses of all the other (left-
and right- ) squarks are about the same [13]. Assuming one has a supersymmetric signal,
we use the full (> 100 parameters) parameter space freedom of the MSSM and fit the data.
This approach has been used in studying the CDF e+e−γγ + /ET event [14]. It was found
that to also explain all the low energy data (including αs, Rb and the branching ratio of
b → sγ, etc.), the lightest mass eigenstate (t˜1) of the top squarks is about to be the order
of mW ; tanβ is the order of 1; the sign (µ) is negative, and |µ| ∼ mZ [14]. We shall refer to
this class of models as MSSM models with scenarios motivated by current data.
Figure 5- Fig. 7 show the relative corrections δσˆ/σˆ0 as a function ofmH± with
√
sˆ = 500,
1000 and 2000 GeV, respectively, assuming mU˜ = mD˜ = mQ˜ = 1 TeV. The corrections in
the stops mixing case can become much large when tanβ = 1.5, which can range between
−20% and 13%, −20% and 25%, −16% and 23% for three different photon-photon CMS
energy, respectively, but the corrections are all negligibly small in the no-mixing case. In
order to study the variations of the corrections with respect to the tanβ, we also show the
curves for tan β = 4 and 40, and find that the corrections are much smaller than ones for
tan β = 1.5, which are at most a few percent. Here and below, we take the mass of lighter
stop to be equal to 90 GeV in the mixing case of stops, which is in agreement with current
experiment lower limit to the squark mass [15].
In our numerical calculations, we also considered the cases for the small splitting in the
masses of stops, and found that the corrections are generally small except near threshold,
which opens the charged Higgs boson decay into two squarks. We don’t show the figures
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here for simplicity.
Fig. 8 gives the total cross sections as a function of charged Higgs boson masses at
tree-level for
√
s = 500, 1000 and 2000GeV and two sources of photons modes. For mH± =
150GeV , the total cross sections can be greater than 100fb for laser back-scattering photons
mode whether
√
s = 500, 1000GeV , or 2000GeV , and for mH± = 300GeV , the total cross
sections are a few tens fb and for
√
s = 1000 and 2000 GeV. But for the beamstrahlung
photons mode, the total cross sections can also reach hundreds of fb for the lighter charged
Higgs boson masses for
√
s = 1000 and 2000 GeV, and they decrease rapidly with increasing
the charged Higgs boson masses.
Fig. 9 - Fig. 11 present the relative corrections to the total cross sections as a function
of mH± with
√
s = 500, 1000 and 2000GeV , respectively, assuming mU˜ = mD˜ = mQ˜ = 1
TeV, for two sources of photon modes. In general, those corrections always decrease the
tree-level total cross sections in the mixing case of stops, which can exceed −10% for a wide
range of charged Higgs boson mass for tanβ = 1.5. However in other cases, the corrections
are at most only a few percent reduction.
In conclusion, we have calculated the squarks one-loop corrections to the cross sections
of the charged Higgs boson pair production in photon-photon collisions in the MSSM. In
general, in case of the large splitting in the masses of left-top squark and the right-top
squark and for tan β near 1.5, the corrections can reduce the cross sections by more than
10% for a wide range of the charged Higgs boson mass, depending on the CMS energy
√
s.
But in other cases, the corrections are at most only a few percent. Those corrections can be
comparable to the O(αm2t/m
2
W ) Yukawa corrections [5].
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APPENDIX
In this appendix, we present the explicit analytic expressions of the form factors only
including the third generation squarks contributions.
M tri1 is given by
M tri1 =
12∑
i=1
f
(tri,i)
1 , (32)
where the form factor f
(tri,i)
1 represents the contributions arising from Feynman diagrams
with the indices of i in Fig. 3. Here
f
(tri,j)
1 = 0 for j = 1, 2, 3, 4, 5, 6, 7, 8, 11, 12, (33)
f
(tri,9)
1 =
ie2gmw(2 cos(α− β)− cos(2β) cos(α + β))
4π2(sˆ−m2H)
(
[
ξ16e
2
bC00(0, 0, sˆ, m
2
b˜2
, m2
b˜2
, m2
b˜2
)
]
+
[
ξ16 → ξ15, mb˜2 → mb˜1
]
+
[
eb → et, ξ16 → ξ10, mb˜2 → mt˜2
]
+
[
eb → et, ξ16 → ξ9, mb˜2 → mt˜1
])
+
igmw(2 sin(α− β)− cos(2β) sin(α + β))
4π2(m2h0 − sˆ)
(
[
ξ19e
2
bC00(0, 0, sˆ, m
2
b˜2
, m2
b˜2
, m2
b˜2
)
]
+
[
ξ19 → ξ18, mb˜2 → mb˜1
]
+
[
eb → et, ξ19 → ξ13, mb˜2 → mt˜2
]
+
[
eb → et, ξ19 → ξ12, mb˜2 → mt˜1
])
, (34)
f tri,101 =
ie2gmw(2 cos(α− β)− cos(2β) cos(α + β))
16π2(m2H − sˆ)
(
ξ16e
2
bB0(sˆ, m
2
b˜2
, m2
b˜2
)
+ ξ15e
2
bB0(sˆ, m
2
b˜1
, m2
b˜1
) + ξ10e
2
tB0(sˆ, m
2
t˜2
, m2t˜2) + ξ9e
2
tB0(sˆ, m
2
t˜1
, m2t˜1)
)
+
igmw(2 sin(α− β)− cos(2β) sin(α + β))
16π2(sˆ−m2h0)
(
ξ19e
2
bB0(sˆ, m
2
b˜2
, m2
b˜2
)
+ ξ18e
2
bB0(sˆ, m
2
b˜1
, m2
b˜1
) + ξ13e
2
tB0(sˆ, m
2
t˜2
, m2t˜2) + ξ12e
2
tB0(sˆ, m
2
t˜1
, m2t˜1)
)
, (35)
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where et, eb are the electric charges of the top and bottom quarks, respectively. Here and
below, Bm, Cm, Cmn, Dm, Dmn are the two-, three-, four-point Feynman integrals, definitions
of which can be found in Ref. [7,8]. ξj, (j = 9, 10) is the coupling constants of the vertex
H − t˜− t˜, which are given by

 ξ9 ξ11
ξ11 ξ10

 = (−ig)Rt˜(AHt˜t˜)(Rt˜)T (36)
with
AHt˜t˜ =


mz((1/2)−(2/3) sin2 θw) cos(α+β)
cos θw
+
m2t sin(α)
mw sin(β)
mt
2mw sinβ
(At sinα− µ cosα)
mt
2mw sinβ
(At sinα− µ cosα) mz(2/3) sin2 θw cos(α+β)cos θw +
m2t sinα
mw sinβ

 . (37)
ξj, (j = 12, 13) is the coupling constants of the vertex h0 − t˜− t˜, which are given by
 ξ12 ξ14
ξ14 ξ13

 = (ig)Rt˜(Ah0 t˜t˜)(Rt˜)T (38)
with
Ah0 t˜t˜ =


mz((1/2)−(2/3) sin2 θw) sin(α+β)
cos θw
− m2t cos(α)
mw sin(β)
mt
2mw sinβ
(−At cosα− µ sinα)
mt
2mw sinβ
(−At cosα− µ sinα) mz(2/3) sin
2 θw sin(α+β)
cos θw
− m2t cosα
mw sinβ

 . (39)
ξj, (j = 15, 16) is the coupling constants of the vertex H − b˜− b˜, which are given by
 ξ15 ξ17
ξ17 ξ16

 = (−ig)Rb˜(AHb˜b˜)(Rb˜)T (40)
with
AHb˜b˜ =


−mz((1/2)−(1/3) sin2 θw) cos(α+β)
cos θw
+
m2
b
cos(α)
mw cos(β)
mb
2mw cos β
(Ab cosα− µ sinα)
mb
2mw cos β
(Ab cosα− µ sinα) −mz3 cos θw sin2 θw cos(α + β) +
m2
b
cosα
mw cos β

 . (41)
ξj, (j = 18, 19) is the coupling constants of the vertex h0 − b˜− b˜, which are given by
 ξ18 ξ20
ξ20 ξ19

 = (ig)Rb˜(Ah0 b˜b˜)(Rb˜)T (42)
12
with
Ah0 b˜b˜ =


−mz((1/2)−(1/3) sin2 θw) sin(α+β)
cos θw
+
m2
b
sin(α)
mw cos(β)
mb
2mw cos β
(Ab cosα + µ sinα)
mb
2mw cos β
(Ab cosα + µ sinα)
−mw
3 cos θw
sin2 θw sin(α + β) +
m2
b
sinα
mw cos β

 . (43)
M tri2 is given by
M tri2 =
12∑
i=1
f
(tri,i)
2 , (44)
where the form factor f
(tri,i)
2 represents the contributions arising from Feynman diagrams
with the indices of i in Fig. 3. Here
f
(tri,j)
2 = 0for j = 1, 2, 3, 4, 9, 10, 11, 12, (45)
f
(tri,5)
2 =
e2
4π2(m2H± − tˆ)
([
ξ23ebC2(m
2
H±, 0, tˆ, m
2
t˜1
, m2
b˜2
, m2
b˜2
)− ξ23etC2(m2H±, 0, tˆ, m2t˜1 , m2t˜1 , m2b˜2)
]
+
[
ξ3 → ξ2, mt˜1 → mt˜2
]
+
[
ξ3 → ξ4, mt˜1 → mt˜2 , mb˜2 → mb˜1
]
+
[
ξ3 → ξ1, mb˜2 → mb˜1
])
, (46)
f
(tri,6)
2 =
e2
4π2(m2H± − tˆ)
([
ξ23et(C0(0, m
2
H±, tˆ, m
2
t˜1
, m2t˜1 , m
2
b˜2
) + (C1 + C2)(m
2
H± , 0, tˆ, m
2
b˜2
, m2t˜1 , m
2
t˜1
)
− ξ23eb(C0(0, m2H±, tˆ, m2b˜2 , m2b˜2 , m2t˜1) + (C1 + C2)(m2H±, 0, tˆ, m2t˜1 , m2b˜2 , m2b˜2)
]
+
[
ξ3 → ξ2, mt˜1 → mt˜2
]
+
[
ξ3 → ξ4, mt˜1 → mt˜2 , mb˜2 → mb˜1
]
+
[
ξ3 → ξ1, mb˜2 → mb˜1
])
, (47)
f
(tri,8)
2 = f
(tri,5)
2 (uˆ↔ tˆ, k1 ↔ k2), (48)
f
(tri,7)
2 = f
(tri,6)
2 (uˆ↔ tˆ, k1 ↔ k2), (49)
where ξj, (j = 1, 2, 3, 4) is the coupling constants of the vertex H
+ − t˜− b˜, which are given
by

 ξ1 ξ3
ξ4 ξ2

 = Rt˜ ig√2mw

 −m
2
w sin(2β) +m
2
t cotβ +m
2
btanβ mb(µ+ Ab tanβ)
mt(µ+ Atcotβ) mbmt(tanβ + cotβ)

 (Rb˜)T . (50)
M box1 is given by
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M box1 =
6∑
i=1
f
(box,i)
1 , (51)
where the form factor f
(box,i)
1 represents the contributions arising from Feynman diagrams
with the indices of i in Fig. 4. Here
f
(box,1)
1 = −
e2
4π2
([
ξ24e
2
tD00(m
2
H±, 0, 0, m
2
H±, tˆ, sˆ, m
2
b˜1
, m2t˜2 , m
2
t˜2
, m2t˜2)
+ D00(m
2
H± , 0, 0, m
2
H±, tˆ, sˆ, m
2
t˜2
, m2
b˜1
, m2
b˜1
, m2
b˜1
)
]
+
[
ξ3 → ξ2, mb˜1 → mb˜2
]
+
[
ξ3 → ξ1, mt˜2 → mt˜1
]
+
[
mt˜2 → mt˜1 , mb˜1 → mb˜2
])
, (52)
f
(box,2)
1 = f
(box,1)
1 (tˆ↔ uˆ, k1 ↔ k2), (53)
f
(box,3)
1 = −
e2ebet
4π2
([
ξ23D00(0, m
2
H±, 0, m
2
H±, uˆ, tˆ, m
2
t˜1
, m2t˜1 , m
2
b˜2
, m2
b˜2
)
+ D00(0, m
2
H±, 0, m
2
H±, uˆ, tˆ, m
2
b˜2
, m2
b˜2
, m2t˜1 , m
2
t˜1
)
]
+
[
ξ3 → ξ2, mt˜1 → mt˜2
]
+
[
ξ3 → ξ1, mb˜2 → mb˜1
]
+
[
mt˜1 → mt˜2 , mb˜2 → mb˜1
])
, (54)
f
(box,4)
1 =
[
iξ5e
2e2tC00(0, 0, sˆ, m
2
t˜1
, m2
t˜1
, m2
t˜1
)
2π2
]
+
[
mt˜1 → mt˜2 , ξ5 → ξ6
]
+
[
mt˜1 → mb˜1 , ξ5 → ξ7
]
+
[
mt˜1 → mb˜2 , ξ5 → ξ8
]
, (55)
f
(box,5)
1 =
e2e2t
8π2
([
ξ24C0(m
2
H±, m
2
H± , sˆ, m
2
t˜2
, m2
b˜1
, m2t˜2) + ξ
2
1C0(m
2
H±, m
2
H± , sˆ, m
2
t˜1
, m2
b˜1
, m2t˜1)
+ ξ22C0(m
2
H± , m
2
H±, sˆ, m
2
t˜2
, m2
b˜2
, m2t˜2) + ξ
2
3C0(m
2
H± , m
2
H±, sˆ, m
2
t˜1
, m2
b˜2
, m2t˜1)
]
+
e2t
8π2
[
mt˜1 ↔ mb˜1 , mt˜2 ↔ mb˜2
])
, (56)
f
(box,6)
1 =
−ie2
8π2
(
ξ8e
2
bB0(sˆ, m
2
b˜2
, m2
b˜2
) + ξ7e
2
bB0(sˆ, m
2
b˜1
, m2
b˜1
) + ξ6e
2
tB0(sˆ, m
2
t˜2
, m2t˜2)
+ ξ5e
2
tB0(sˆ, m
2
t˜1
, m2t˜1)
)
, (57)
where ξj , (j = 5, 6, 7, 8) is the coupling constants of the vertexes H
+ − H− − t˜ − t˜ and
H+ −H− − b˜− b˜, respectively, which are given by
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
 ξ5 x1
x2 ξ6

 = Rt˜ig2

 −
cos(2β)(2+sec2θw)
12
− m2b tan2 β
2m2w
0
0 tan
2 θw cos(2β)
3
− m2t cot2β
2m2w

 (Rt˜)T , (58)

 ξ7 x3
x4 ξ8

 = Rb˜ig2


cos(2β)(4−sec2θw)
12
− m2t cot2β
2m2w
0
0 − tan2 θw cos(2β)
6
− m2t tan2 β
2m2w

 (Rb˜)T (59)
with xi, (i = 1, 2, 3, 4) is irrelevant to our calculations.
The form factor M box2 is given by
M box2 =
6∑
i=1
f
(box,i)
2 , (60)
where the form factor f
(box,i)
2 represents the contributions arising from Feynman diagrams
with the indices of i in Fig. 4. Here
f
(box,1)
2 = −
e2
4π2
([
ξ23(e
2
t + e
2
b)(
(D0 + 4D1 + 2D2 + 2D11 + 4D12 + 2D13 +D22)
(m2H± , 0, 0, m
2
H±, tˆ, sˆ, m
2
b˜1
, m2t˜2 , m
2
t˜2
, m2t˜2)
+ (D0 + 4D1 + 2D2 + 2D11 + 4D12 + 2D13 +D22)
(m2H± , 0, 0, m
2
H±, tˆ, sˆ, m
2
t˜2
, m2
b˜1
, m2
b˜1
, m2
b˜1
))
]
+
[
ξ3 → ξ2, mb˜1 → mb˜2
]
+
[
ξ3 → ξ1, mt˜2 → mt˜1
]
+
[
mt˜2 → mt˜1 , mb˜1 → mb˜2
])
, (61)
f
(box,2)
2 = f
(box,1)
2 (tˆ↔ uˆ, k1 ↔ k2), (62)
f
(box,3)
2 = −
e2ebet
4π2
([
ξ23((D2 +D3 +D22 + 2D23 +D33)
(0, m2H±, 0, m
2
H±, uˆ, tˆ, m
2
t˜1
, m2t˜1 , m
2
b˜2
, m2
b˜2
)
+ (D2 +D3 +D22 + 2D23 +D33)
(0, m2H±, 0, m
2
H±, uˆ, tˆ, m
2
b˜2
, m2
b˜2
, m2t˜1 , m
2
t˜1
))
]
+
[
ξ3 → ξ2, mt˜1 → mt˜2
]
+
[
ξ3 → ξ1, mb˜2 → mb˜1
]
+
[
mt˜1 → mt˜2 , mb˜2 → mb˜1
])
, (63)
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f
(box,j)
2 = 0 for j = 4, 5, 6. (64)
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FIGURES CAPTION
Figure 1: The tree level diagrams for sub-process γγ → H+H−. In the Feynman di-
agrams of this figure and below, the wavy, the dashed and the dotted lines stand for the
photon, the charged Higgs boson and the squark, respectively.
Figure 2: The self-energy correction diagrams of sub-process γγ → H+H−.
Figure 3: The vertex correction diagrams of sub-process γγ → H+H−.
Figure 4: The box correction diagrams of sub-process γγ → H+H−.
Figure 5: Relative corrections as a function of the charged Higgs boson mass with
√
sˆ =
500GeV , where no-mixing represents that there does not exist mixing between the left- and
right-handed stop, and mixing represents there is mixing between the stops. We choose
mU˜ = mD˜ = mQ˜ = 1 TeV and µ = −90 GeV. In the case of mixing of stops, we choose the
value of parameter At which makes the masse of the lighter stop equal to 90 GeV.
Figure 6: Same with Figure 5 but
√
sˆ = 1000GeV .
Figure 7: Same with Figure 5 but
√
sˆ = 2000GeV .
Figure 8: The tree level cross sections for the process e+e− → γγ → H+H− as func-
tions of the charged Higgs boson masses, where the e+e− CMS energies are 2000, 1000
and 500GeV , respectively. The letters (L) and (B) on the curves represent the laser-back
scattering and beamstrahlung photons modes.
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Figure 9: Relative corrections as a function of the charged Higgs boson mass with
√
s =
500GeV , where no-mixing represents that there does not exist mixing between the left- and
right-handed stop, and mixing represents there is mixing between the stops. We choose
mU˜ = mD˜ = mQ˜ = 1 TeV and µ = −90 GeV. In the case of mixing of stops, we choose the
value of parameter At which makes the masse of the lighter stop equal to 90GeV . The letters
(L) and (B) on the curves represent the laser-back scattering and beamstrahlung photons
modes.
Figure 10: Same with Figure 9 but the e+e− CMS energy
√
s = 1000GeV .
Figure 11: Same with Figure 9 but the e+e− CMS energy
√
s = 2000GeV .
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